In 2003, gall midge larvae of the genus Resseliella (Diptera: Cecidomyiidae) were found infesting the cores of Japanese pear, Pyrus pyrifolia (Rosaceae), in Fukushima Prefecture, Japan. Symptoms of infestation are similar to those noted previously for Japanese pear in Japan and Korea. From 2007 to 2008, gall midge larvae that were similar to those found in Fukushima Prefecture were detected in Tottori and Shimane Prefectures, Japan under the bark of Japanese pear. Based on morphological comparison with known congeners associated particularly with Rosaceae in the Palaearctic region and those occurring in Japan, we concluded that the gall midge infesting Japanese pear is a new species of Resseliella. DNA sequencing data also supported this conclusion. This new species seems to be identical to the 'pear codlin midge' reported previously from Japan and Korea. We describe the gall midge as Resseliella yagoi sp. nov. and provide information on host plant cultivars, distribution, behavioral and life history traits, and pest status.
INTRODUCTION
A gall midge species (Diptera: Cecidomyiidae) that infests the cores of Japanese pear, Pyrus pyrifolia (Burman, F.) (Rosaceae), was first discovered in 1919 -1920 in Anjo, Aichi Prefecture and in 1929 in Takasu and Mikatagahara, Shizuoka Prefecture, Japan (Yago, 1929) (Fig. 1) . Later, Aoyama (1938) found a similar gall midge species in the cores of Japanese pear in Gyeongsan Nam Do, South Korea (Fig. 1) . Aoyama (1938) named it as 'pear codlin midge' and identified it as Diplosis sp., but Diplosis has since been synonymized with Cecidomyia, which now contains 18 species associated with resin of conifers (Gagné, 2004) . Since 1938, the 'pear codlin midge' has received little attention both in Japan and in Korea, but in 2003 gall midge larvae of Resseliella sp. were found infesting the cores of Japanese pear in Fukushima Prefecture (Arakawa et al., 2006) (Figs. 1 and 2 ). Symptoms of infestation and morphological features of the gall midge were similar to those described for the 'pear codlin midge' in Yago (1929) and Aoyama (1938) . From 2007 to 2008, gall midge larvae that were similar to those found in Fukushima Prefecture were detected in Tottori and Shimane Prefectures ( Fig. 1 ) under the bark of Japanese pear that had been infested by Spulerina astaurota (Meyrick) (Lepidoptera: Gracillariidae) (Fig. 2B) .
Resseliella contains at least 51 nominal species worldwide (Sanui and Yukawa, 1985; Fedotova, 2003; Fedotova and Sidorenko, 2004, 2006; Gagné, 2004) . Larvae of many Resseliella species live under bark, or in flower heads, and some induce simple galls (Gagné, 2004) . Host plants of 13 out of the 51 species are not known, while the other 38 species are associated with diverse plant hosts including 29 genera belonging to 23 families (Table  1 ). The following four species are associated with rosaceous plants: R. crataegi (Barnes) on common hawthorn, Crataegus monogyna Jacquin (ϭC. oxyacantha) (Barnes, 1939a) ; R. fruticosi (Pitcher) on wild blackberry, Rubus fruticosus Linnaeus (Pitcher, 1955) ; R. oculiperda (Rübsaamen) on various cultivated ornamentals and fruits including roses, Rosa spp., apple, Malus domestica Borkhausen, pear, Pyrus communis Linnaeus, plum, Prunus domestica Linnaeus, and peach, Prunus persica (Linnaeus) (Rübsaamen, 1893) ; and R. theobaldi (Barnes) on cultivated blackberry, Rubus fruticosus Linnaeus (Barnes, 1927) (Gagné, 2004) . These are all Palaearctic species and they represent a complex interaction between Resseliella and its wild and cultivated rosaceous hosts that is only partially understood. Barnes (1939b Barnes ( , 1948 mentioned that larvae of R. oculiperda can be seen also in the grafts of pear, Pyrus communis Linnaeus, and apple, Pyrus malus Linnaeus, but no further information was given and Pitcher (1955) did not refer to pear in his host preference experiments.
In Japan, three named species of Resseliella are known. Resseliella soya (Monzen) is injurious to the petioles of soybean, Glycine max (Linnaeus) Merrill (Fabaceae) (e.g. Yuasa, 1936) . Resseliella odai (Inouye) lives under the bark of Japanese cedar, Cryptomeria japonica D. Don (Taxodiaceae), and frequently reduces the commercial value of timbers because of fleck marks produced on phloem by the presence of larvae (e.g. Inouye, 1955) and Resseliella resinicola Sanui and Yukawa inhabits resin of C. japonica (Sanui and Yukawa, 1985) . Two other species of gall midges have been found in the resin, but they have been left unde-656 J. YUKAWA et al. Sanui and Yukawa (1985) , Fedotova (2003) and Gagné (2004) scribed because of an insufficient number of specimens for description (Sanui and Yukawa, 1985) . Besides these Japanese species, Niwa (1910) Niwa, 1910) . To identify the gall midges infesting the core and bark of Japanese pear, we paid special attention to the other known Resseliella occurring on their host plant family, Rosaceae, because most phytophagous cecidomyiids are mono-or oligophagous within a particular plant genus or family (Skuhravá, 1986; Gagné, 1989 Gagné, , 1994 Yukawa and Masuda, 1996; Yukawa et al., 2005) . Therefore, we first compared the gall midges from Japanese pear with four known Resseliella species that are associated with Rosaceae in the Palaearctic region (Table 1 ). In addition to host range information, we paid attention to sympatric species and compared them to the three Japanese species of Resseliella, although they are not associated with Rosaceae but with Fabaceae and Taxodiaceae. We also used molecular sequencing data to reinforce the results of morphological study.
These investigations revealed that the gall midge infesting the cores of Japanese pear is a new species of Resseliella and identical to the gall midge found under the bark of Japanese pear and to the 'pear codlin midge' that was previously recorded from Japan and Korea. In this paper we describe the new gall midge and provide information on its host plant cultivars, distribution, behavioral and life history traits, and pest status.
MATERIALS AND METHODS
Collection, morphological studies, terminology and preservation of specimens. Larvae inhabiting the cores of Japanese pear were collected from Fukushima Prefecture, Japan in September 2005, July and August 2006, and those found under the bark of Japanese pear were collected from Tottori in August 2007 and Shimane Prefectures in July 2008. To obtain adults and pupal exuviae, pupae were reared either individually in a 2.2 ml vial (12 mm in diameter, 35 mm in height) with a cotton plug or gregariously in a 20 ml glass tube covered with a plastic bag (700ϫ 500ϫ0.4 mm). They were kept under laboratory conditions. All specimens collected were preserved in 75% ethanol for morphological examination or in 99% ethanol or 99.5% acetone for molecular phylogenetic analysis. For microscopic study, some of the ethanol-preserved specimens were mounted on slides in Canada balsam using ethanol and xylene. Drawings were made with the aid of a drawing tube.
We compared gall midges obtained from Japanese pear with the type series of R. crataegi, R. fruticosi, R. oculiperda, and R. theobaldi kept in the Natural History Museum, London, UK. For morphological observation and molecular analysis, we examined additional specimens of R. theobaldi collected on May 2008 from a pheromone trap in a field of raspberry, Rubus idaeus Linnaeus (Rosaceae) in the UK. An active infestation of R. theobaldi was present in the vicinity. We also compared the gall midges infesting the core and bark of Japanese pear with slide-mounted specimens of the three known Japanese species, R. soya, R. odai, and R. resinicola, that are kept in the collection of the Entomological Laboratory, Faculty of Agriculture, Kyushu University.
Adult morphological terminology follows usage in McAlpine (1981) , except for thoracic plates, terminology of which follows usage in Yukawa and Ohsaki (1988) . Morphological terminology of larvae generally follows usage in Möhn (1955;  originally written in German) that was translated into English in Yukawa (1971) , and the terminology of pupae and cuticular spinules on the pupal abdomen follows that in Gagné (1994) .
Holotype, paratypes, and other slide-mounted specimens used in this study are kept in the collection of the Entomological Laboratory, Faculty of Agriculture, Kyushu University, Japan.
Molecular phylogenetic analysis. We used fresh materials of R. soya, R. odai, R. theobaldi, and the gall midges from Japanese pear for DNA analysis (see Table 2 for the collection data).
For every individual, total DNA was extracted from the whole body with the DNeasy Blood and Tissue Kit (Qiagen, Tokyo, Japan) following the manufacturer's instructions. A region of the cytochrome oxidase subunit I (COI) gene of mito-chondrial DNA (mtDNA) was amplified by PCR following the method described in Yukawa et al. (2003) and purified using QIAquick PCR Purification Kit (Qiagen). The primers used in the analysis were: forward; LCO1490 5Ј-GGT CAA CAA ATC ATA AAG ATA TTG G-3Ј (Folmer et al., 1994) and reverse; COIA 5Ј-CCC GGT AAA ATT AAA ATA TAA ACT TC-3Ј (Funk et al., 1995) for Resseliella species except R. odai, and COIA-Rodai 5Ј-CCT GGA AGG ATA AGA ATA TAA ACC TC-3Ј for R. odai. The forward primer is adopted for the DNA barcoding project of animals (Hebert et al., 2003) . The reverse primer COIA has been effectively detected interspecific variations in Cecidomyiidae (e.g. Uechi et al., 2003; Yukawa et al., 2003; Tokuda et al., 2004 Tokuda et al., , 2008 in combination with COIS (Funk et al., 1995) . COIA-Rodai is modified from COIA by MT. The estimated length of amplified region is 676 bp that covers a partial COI region employed for the DNA barcoding project (658 bp from the 5Ј-end) (Hebert et al., 2003) and that has been used for molecular phylogenetic analysis of Cecidomyiidae (439 bp from the 3Ј-end). The sequencing reaction was performed using PCR primers and the BigDye Terminator Cycle Sequencing Reaction Kit (Applied Biosystems, Foster City, CA) and was electrophoresed on an ABI 3100 sequencer (Applied Biosystems). The nucleotide sequence data reported in this paper have been deposited in the DNA Data Bank of Japan (DDBJ), European Molecular Biology Laboratory, and GenBank nucleotide sequence databases with the accession numbers shown in Table  2 . Sequence data of Dasineura rosae (Bremi) (Diptera: Cecidomyiidae: Cecidomyiini) was employed as an outgroup taxon (Tokuda et al., 2009 ; DDBJ accession no. AB505981).
The sequence data were analyzed with the neighbor joining (NJ) method using MEGA3.1 (Kumar et al., 2004) . Evolutionary distances for the NJ method were computed by Kimura's twoparameter distances (Kimura, 1980) . The resulting trees were subjected to bootstrap analysis (Efron, 1982; Felsenstein, 1985) with 1,000 pseudoreplications. 
RESULTS AND DISCUSSION

Taxonomy
Based on morphological comparison, we conclude that the gall midge that infests the cores of Japanese pear in Fukushima Prefecture is a new species of Resseliella identical with the gall midge that was found under the bark of Japanese pear in Tottori and Shimane Prefectures. DNA sequencing data reinforce this conclusion.
Resseliella yagoi Yukawa and Sato, sp. nov.
English name: Japanese pear gall midge Japanese name: Nashi-shinkui-tamabae Male. Eye bridge 11 to 12 facets long medially, each facet circular, all closely adjacent. Occiput with a short dorsal protuberance. Frontoclypeal setae 13 to 16 in number (Table 3) ; labrum entire, rounded apically; hypopharynx lanceolate, with 5 to 6 tiny setae on the distal half; labellum hemispherical but pointed apically, with several setae ventro-laterally. Palpus 4 segmented; first palpal segment 1.1 to 1.8 times as long as wide; second 1.1 to 2.3 times as long as first; fourth 1.1 to 1.4 times as long as third. Antenna: scape with 10 to 14 setae; pedicel with 6 to 17 setae; flagellomeres consisting of 12 segments; first and second flagellomeres fused; each flagellomere (Fig. 3A) , binodose, with 1 set of circumfilar loops on the basal and 2 on the distal enlargement; basal enlargement of fifth flagellomere 0.8-1.0 times as long as wide; distal enlargement 1.1-1.4 times as long as wide, distal neck longer than intermediate neck (Table 3) . Wing length 1.8-2.1 mm, 2.4 to 2.8 times as long as wide (Table 3) ; R 5 joining costa at or slightly beyond wing apex. Legs densely covered with blackish brown hairs; tarsal claws bent near basal third, with tooth on all legs (Fig. 3B) ; empodium much shorter than claw (Fig. 3B) ; length of leg segments as in Table 3 . Abdominal tergites I to VI rectangular, wider than long, without any scales, with a single caudal row of setae, uniformly scattered setae, and a pair of anterior trichoid sensilla; tergite VII unpigmented, with a few scattered setae and a pair of anterior trichoid sensilla; tergite VIII unpigmented, bare except for a pair of anterior trichoid sensilla. Abdominal sternites II to IV rectangular, wider than long, without any scales, with a single caudal row of setae, several scattered setae medially, and a pair of anterior trichoid sensilla; sternite VII quadrate, with posteriorly scattered setae and a pair of anterior trichoid sensilla; sternite VIII quadrate, with caudal rows of setae and a pair of anterior trichoid sensilla. Genitalia (Fig. 3C) : cerci large, rounded apically; hypoproct longer than and nearly as wide as cerci, the apex concave; gonostylus slender, arched, weakly tapered distally, with a strong claw apically; gonocoxite without mediobasal lobe; aedeagus broader basally, distinctly narrowed distally, as long as or slightly longer than hypoproct. See Table 3 for detailed data of setal counts and measurements.
Female. Eye bridge 11 to 12 facets long medially. Antenna with 12 flagellomeres; first and second flagellomeres fused; each flagellomere ( Fig.  3D ) except for the terminal one, with a distal short neck; basal enlargement of fifth flagellomere 1.7 to 2.0 times as long as wide. Wing length 2.0 to 2.3 mm, 2.7 to 2.9 times as long as wide (Table 3) . Length of leg segments as in Table 3 . Abdominal tergites I to VI as in male; tergite VII rectangular, wider than long, with 1 to 2 caudal rows of setae, uniformly scattered setae and a pair of anterior trichoid sensilla; tergite VIII unpigmented, with posteriorly scattered setae and a pair of anterior trichoid sensilla. Abdominal sternites II to IV as in male; sternite VII quadrate, with several caudal rows of setae, several scattered setae medially, and a pair of anterior trichoid sensilla; sternite VIII undifferentiated, marked only by anterior pair of trichoid sensilla. Ovipositor (Fig. 3E ) 0.9 to 1.2 mm long, soft and pliable; cerci relatively elongated, apically rounded. See Table 3 for detailed data of setal counts and measurements.
Mature larva. Second antennal segment 11.3 to 15.0 mm long; cervical papillae without seta; 6 dorsal and 6 pleural papillae present on all thoracic and first through seventh abdominal segments; dorsal papillae with setae, 18.8 to 25.0 mm long, 4 of 6 pleural papillae with setae, 25.0 to 33.8 mm long; 2 dorsal and 4 pleural papillae present on eighth abdominal segment, with 31.3 to 45.0 mm and 37.5 to 45.0 mm long setae, respectively; spiracle present on prothorax and first through eighth abdominal segments; sternal spatula (Fig. 4A) 130.0 to 207.5 mm, distally rather deeply incised by a V-shaped emargination, forming a pair of subtriangular lobes; 6 lateral papillae in 2 clusters of 3 each present on each side of midline; 2 papillae in each cluster with minute seta (Fig. 4A) ; 2 sternal papillae present on each thoracic segment, without setae; 2 inner pleural papillae on all thoracic segments without setae; 4 anterior ventral papillae and 2 posterior ventral papillae without setae on first to seventh abdominal segments; 4 ventral papillae of eighth abdominal segment without setae; 2 of 8 terminal papillae large, conical; 2 terminal papillae, which are situated on the inner side of the large conical papillae, each with a tiny seta; the remaining 4 terminal papillae with setae 7.5 to 12.5 mm long (Fig. 4B) ; 6 anal papillae all without setae, of which 2 are situated on the lateral side of anus and the remaining 4 are on the posterior half of terminal segment.
Pupa. Base of antenna short, the postero-ventral corner weakly produced (Fig. 4C) ; cephalic pair of setae relatively short, 135.0 to 162.5 mm in length; frons smooth; 2 pairs of lower facial papillae present, one pair with setae, 18.8 to 33.8 mm long; 3 pairs of lateral facial papillae present, one pair with 662 J. YUKAWA et al. setae, 12.5 to 18.8 mm long; prothoracic spiracle long, 232.5 to 280.0 mm in length (Fig. 4D) ; abdominal spiracles short, present on second through sixth abdominal segments; second to eighth abdominal segments with several macrospines on the anterior half of dorsal surface; the posterior half of dorsal surface on second through eighth abdominal segments not covered with macrospines (Fig. 4E) ; 12 dorsal papillae present on first through seventh abdominal segments; 2 of the 12 papillae situated on the anterior margin of abdominal segment, with setae; the other 2 situated on the posterior half of abdominal segment, with setae; the remaining 8 in 4 clusters which are situated between the 2 posterior dorsal papillae; 2 papillae in each cluster without setae (Fig. 4E) ; 2 dorsal papillae present on eighth abdominal segment, with about 5.0 mm long setae; 2 pleural papillae present on each side of first through eighth abdominal segments, with 7.5 to 13.8 mm long setae; 2 papillae present on the dorsal surface of terminal segment, with tiny setae. Etymology. The specific name, yagoi, is given in the honor of Mr. Masatoshi Yago who first reported details of the Japanese pear core midge from Japan in 1929.
Host plant. Pyrus pyrifolia (Burman, F.) (Rosaceae).
Distribution. Japan (Aichi, Fukushima, Shimane, Shizuoka and Tottori Prefectures) and South Korea (Gyeongsan Nam Do). See also Yago (1929) and Aoyama (1938) for distributional information.
Remarks. There are no distinct morphological differences between the gall midges obtained from the core and bark of Japanese pear, so we conclude that they are identical and use the same name R. yagoi (Japanese pear gall midge, hereafter, for both of them). Judging from earlier reports (Yago, 1929; Aoyama, 1938) , it is highly probable that the 'pear codlin midge' that had been recorded previously from Japan and Korea is identical to R. yagoi, although earlier specimens for comparison no longer exist and their descriptions are inadequate for precise morphological comparison. So, we propose to use for R. yagoi the Japanaese name 'Nashishinkui-tamabae', which was used for the 'pear codlin midge' in Aoyama (1938) .
By examining fresh specimens of R. theobaldi and the type series of R. crataegi, R. fruticosi, R. oculiperda, and R. theobaldi that are associated with rosaceous plants, we reconfirm that they are morphologically quite similar to each other, as was noted by Pitcher (1955) who successfully separated the species biologically by investigating host-plant preference. We find also that the gonocoxal apodemes of the male genitalia are distinctly longer in all four species than in R. yagoi (Fig.  3C, F) .
Resseliella yagoi is also distinguishable from the three known Japanese species, R. soya, R. odai, and R. resinicola, as follows: the aedeagus of male genitalia distinctly broadened basally in R. yagoi (Fig. 3C) , while the basal part of aedeagus not strongly broadened, slender, or nearly parallel sided in the three known Japanese species (see Fig.  26 in Yukawa, 1971 and Fig. 2 in Sanui and Yukawa, 1985) . In the immature stages, R. yagoi differs from the three species as follows: the shaft of the larval sternal spatula is slender posteriorly (broadened posteriorly in R. odai and R. resinicola); a pair of large conical stigmatal tubercles on the larval eighth abdominal segment is absent (present in R. resinicola); and the first through seventh pupal abdominal segments have 12 dorsal papillae present, of which four with seta (at least four dorsal papillae present, all without setae in R. soya).
Molecular phylogenetic analysis
The length of the amplified mitochondrial COI gene fragment was 676 bp. Nucleotide sequences of all individuals that were found in the cores of Japanese pear in Fukushima Prefecture and under the bark of Japanese pear in Tottori and Shimane Prefectures were identical, and the monophyly was supported by a 100% bootstrap value (Fig. 5) , which strongly supported the results of morphological study.
Individuals of R. theobaldi were included in a clade different from those of R. yagoi but they have the closest relationship to R. yagoi among Resseliella species analyzed in this study. R. odai, a conifer-associated species, and R. soya, associated with Fabaceae, were distantly separated from Rosaceae-associated Resseliella (Fig. 5 ).
Behavioral and life history traits
Females of R. yagoi lay their eggs in wounds on the calyx end of fruit or under bark. Larvae hatched from eggs in the wounds bore into the fruit and live gregariously in the core. Larvae hatched from eggs under bark live there gregariously. In some cases, larvae were found in the basal portion of new shoots and inside new leaf buds. Mature larvae spin cocoons usually in the soil under infested trees, sometimes under the bark or at the calyx end of fruit, and pupate probably in the following spring. Adults emerge in July and August. Further observation is needed to clarify the detailed life cycle of the species.
Pest status
In Fukushima Prefecture, two cultivars, 'Kousui' and 'Niitaka', were most frequently infested, probably because their hypanthium has an opening into which eggs are laid. Other cultivars such as 'Hattatu' and 'Housui' were less severely infested, and 'Nijusseiki' was not attacked. Infested fruit usually secrete brownish sap from the calyx end of the fruit, which indicates the existence of larvae in the core. However, the existence of larvae does not always cause the secretion of sap, so external identification of infestation is not always present. Whether or not sap secretion can be seen, the existence of larvae in the core greatly reduces the commercial value of fruit (Arakawa et al., 2006) . Infestation was first found in 2003 in a small area (only 1 ha) of Fukushima Prefecture, but by 2006 had expanded to various parts (26 ha) of the prefecture.
In Tottori and Shimane Prefectures, the infestation was observed only under the bark of a cultivar, 'Gold-Nijusseiki'. Japanese pear whose fruit is covered with paper bags was not infested by R. yagoi in these two prefectures. However, infestation may occur whenever cultivating methods are changed to remove paper bags for other reasons. It is unknown at the moment whether twigs of Japanese pear are weakened by the existence of larvae under the bark. Table 2. experiments and Ms. Naoko Komatsu (RIKEN) helped us in DNA analysis, to whom we are deeply indebted. Our thanks are also due to Prof. O. Tadauchi, Dr. S. Kamitani, and Mr. D. Yamaguchi (Kyushu University) for their support in various ways. This study was supported in part by a Grant-in-Aid from the Ministry of Education, Culture, Sports, Science and Technology, Japan for Young Scientist (B, 21780052) to Makoto Tokuda.
